Introduction {#S0001}
============

Cardiovascular disease (CVD) is now recognized as the leading cause of death in the world.[@CIT0001] In China, stroke has become a predominant disease and is the leading cause of permanent disability.[@CIT0002] Coronary heart disease also confers a huge health burden. Conventional risk factors such as hypertension, dyslipidemia, diabetes mellitus and smoking do not fully explain the further CVD events and death.[@CIT0003],[@CIT0004]

Some epidemiological studies demonstrated that homocysteine is an independent risk factor for CVD,[@CIT0005]--[@CIT0007] and is prone to stroke.[@CIT0008],[@CIT0009] However, homocysteine-lowering therapy trials were not beneficial for secondary prevention of CVD.[@CIT0010] Recently, a large homocysteine-lowering trial among hypertensives in China without a history of stroke or myocardial infarction led to a 21% reduction in the risk of stroke, which suggested that homocysteine may be associated with primary prevention of CVD.[@CIT0011] Additionally, homocysteine is possibly a graded risk factor for CVD,[@CIT0012],[@CIT0013] thus moderate hyperhomocysteinemia may not be associated with further CVD events.

A post hoc analysis of the Vitamin Intervention for Stroke Prevention (VISP) trial demonstrated that homocysteine-lowering therapy was associated with reduced risk of stroke, myocardial infarction, or death by 24% among individuals older than 67, whereas the benefit effect did not exist among individuals younger than 67.[@CIT0014] Therefore, the association between homocysteine and CVD appears to be more pronounced in the elderly.

Due to the rapid changing of lifestyle and the cultural diversity in different parts of China, it is necessary to re-examine the impact of homocysteine on the health of elderly. Considering that the association between homocysteine and CVD remains controversial at present, we thus hypothesized that elevated homocysteine was independently associated with CVD events and all-cause death in the elderly Chinese population, which has important clinical and public health implications. Following the Beijing Longitudinal Study of Aging (BLSA) initiated in 1992, a community-based prospective cohort study was carried out in Beijing as an extension of BLSA to test the aforementioned hypothesis from 2009.

Patients and Methods {#S0002}
====================

Study Design and Population {#S0002-S2001}
---------------------------

BLSA aimed to investigate the health status of elder population in Beijing, the capital city and the most important city in northern China. The study design, implementation, and part of the results of BLSA have been reported previously.[@CIT0015]--[@CIT0017] In this study, the selection of study population was carried out by a stratification-random-clustering procedure to ensure the representativeness of the population aged 55 and above in Beijing. Briefly, the participants were randomly selected from 3 out of 18 administrative districts, including 8 urban districts, 5 suburban districts, and 5 country districts of Beijing. All the residents aged 55 and above from specific communities or villages in the selected districts were invited to join the baseline interview and questionnaire survey. The inclusion criteria were (1) living in the selected district by randomized sampling procedure, (2) can participate in normal communication, (3) can read and fill out the questionnaire, (4) has signed the informed consent. Exclusion criteria were (1) with history of myocardial infarction, (2) with history of ischemia, (3) with congestive heart failure (CHF), (4) with history of stroke, (5) refused to have his/her blood sampled, (6) refused to sign informed consent.

The Ethics Committee of Xuanwu Hospital, Capital Medical University approved this study. This study was conducted in accordance with the Declaration of Helsinki. All participants signed an informed consent form.

Baseline Information {#S0002-S2002}
--------------------

From June to August 2009, face to face interview and questionnaire survey were carried out to collect the baseline information from each participant by well-trained investigators. Essentially, the questionnaire included the information of demographics, medical history, lifestyle, diet habit, consumption of alcohol and cigarettes, and the use of medications. All participants were required to answer all the questions to the best of their knowledge.

Physical examinations were carried out at designated hospitals or on-site by well-trained investigators, including measuring blood pressure, pulse pressure, body mass index, etc. Blood pressure was measured according to a standard protocol. After a 5 minutes' rest, sitting blood pressure was measured with a digital blood pressure monitor (Omron HEM-4021, Omron, Kyoto, Japan). The measurements were duplicated for each participant on the non-dominant arm with a 2-minute interval. The mean value was used for analysis. Pulse pressure was calculated as systolic minus diastolic pressure. Hypertension was diagnosed as a systolic blood pressure ≥140mmHg and/or a diastolic blood pressure ≥90mmHg or medical history, or currently using of antihypertensive medications, according to the Joint National Committee guideline (JNC VII).[@CIT0018]

Laboratory Examinations {#S0002-S2003}
-----------------------

Serum total homocysteine concentration was measured by enzymatic cycling assay with Abbott ARCHITECT^®^ System (Architect-i 2000; Abbott, TX, USA) with a minimal detectable concentration of \<0.5μmol/L and intra-assay and inter-assay variation coefficients of variation \<7.0%.[@CIT0019] A normal level of homocysteine concentration was considered to be \<15μmol/L, whereas hyperhomocysteinemia was defined as a concentration of total homocysteine ≥15μmol/L. Moderate and intermediate-to-severe hyperhomocysteinemia referred to concentrations equal or more than 15μmol/L but less than 30μmol/L, and above 30 μmol/l, respectively.[@CIT0020]

Fasting blood samples were collected in the following morning after the completion of questionnaire. The procedures of blood sampling have been reported elsewhere.[@CIT0016] In short, all venous blood samples were collected after 12-hour fasting and were centrifuged within 1 h at 3000 rpm for 15 min right after collection. The separated serum samples were stored in a refrigerator at 2--8°C until testing. All laboratory measurements were performed by routine methods or as per the user manual of the test kits in a commercial laboratory (IPE Center for Clinical Laboratory, Beijing, China) within 24 hours.

Fasting glucose was determined by the glucose oxidase-peroxidase method. The diagnosis of diabetes was made per the American Diabetes Association criteria,[@CIT0021] when fasting glucose ≥7.0 mmol/L or medical history or receiving current hypoglycemic therapy.

Dyslipidemia was defined based on the Chinese Adult Dyslipidemia Prevention Guide (2007 Edition).[@CIT0022] Participants were diagnosed if their serum cholesterol, triglycerides, or high-density lipoprotein cholesterol-C (HDL-C) levels were greater than 6.21mmol/L, 2.26mmol/L, and less than 1.03mmol/L, respectively.

HDL-C and low-density lipoprotein cholesterol-C (LDL-C) were measured by the direct assay. Total cholesterol, triglyceride, and creatinine levels were established by the standard enzymatic method with Hitachi Clinical Analyzer (Hitachi 7600; Hitachi, Tokyo, Japan). The estimated glomerular filtration rate (eGFR) was calculated according to the Modification of Diet in Renal Disease formula.[@CIT0023] High-sensitivity C-reactive protein (hs-CRP) was measured by a high-sensitivity nephelometric assay with a Behring Nephelometer II system (Dade Behring, Marburg, Germany).

Prospective Follow-Up {#S0002-S2004}
---------------------

Follow-up surveys were performed to investigate the outcomes from each participant. Each participant was predetermined to be followed up for five years upon enrollment. New cases of CVD events, deaths and any other outcomes that occurred during the entire follow-up period were collected by face-to-face interview. The medical history and health insurance records of each participant were reviewed by well-trained staff. The information of coronary events, stroke events and peripheral vascular events were recorded. The death records were obtained from the participant's family, medical records, and the local Center for Disease Control and Prevention (CDC). Causes of death were codified according to the principles of the 10th version of International Classification of Diseases (ICD). In this study, CVD events were defined as a composite of coronary events (ie, fatal myocardial infarction, non-fatal myocardial infarction, percutaneous coronary intervention, coronary artery bypass surgery or sudden cardiac death), stroke events (ie, fatal or non-fatal stroke) and peripheral vascular events (ie, peripheral vascular surgery).[@CIT0024] Death was classified as cardiovascular or non-cardiovascular. Causes of CVD deaths included stroke, myocardial infarction and sudden cardiac death. Non-CVD death included cancer, accident, infection and other non-CVD causes. All CVD events and causes of deaths were adjudicated by a panel of two physicians.

Statistical Analysis {#S0002-S2005}
--------------------

Qualitative variables were presented as either absolute numbers or percentages and they were analyzed by the chi-squared test. For qualitative data with non-normal distribution, medians (inter-quartile range, IQR) were reported and the differences of median among groups were assessed by the Kruskal--Wallis test. Quantitative data were expressed as mean±SD (standard deviation) and the differences among groups were assessed by ANOVA if the data followed a normal distribution.

The hazard ratios (HRs) and 95% confidence interval (CI) of CVD event, CVD death and all-cause death were calculated according to homocysteine levels using the Cox regression model. The HR for every 5 μmol/L increment was also estimated using homocysteine as a continuous variable. The Cox regression model comprised the following scenarios: crude (unadjusted), model 1 (adjusted for sex and age) and model 2 (adjusted for sex, age, smoking, alcohol consumption, glucose, Hs-CRP, dyslipidemia, eGFR, pulse pressure, hypoglycemic therapy, lipid-lowering therapy and antihypertensive therapy). Based on model 2, the area under the curve (AUC) of the receiver-operating characteristic (ROC) curve was calculated to evaluate the effect of the model. *p* \< 0.05 (two-tailed) was considered statistically significant.

Results {#S0003}
=======

Baseline Information and Homocysteine Level {#S0003-S2001}
-------------------------------------------

In total, 2468 residents were invited to participate in the baseline interview and questionnaire survey. Among them, 1010 people were withdrawn as they refused to have their blood sampled, 37 people were excluded due to the lack of some important information, and 164 people were excluded because of a history of stroke or myocardial infarction. Eventually, 1257 residents were enrolled, and their data were carefully collected and analyzed. More females (707, 56.2%) than males (505, 43.8%) were included in this study. The average age of participants was 69.16 (±8.10) years. As shown in [Table 1](#T0001){ref-type="table"}, the participants with elevated homocysteine level were more likely to smoke or drink alcohol, less likely to exercise frequently, or conduct lipid lowering therapy or hypoglycemic therapy. Some other conventional risk factors, such as dyslipidemia, diabetes, hypertension, did not show significant relevance with homocysteine level. Males or elders were likely to have higher homocysteine levels than females or younger participants. More information regarding the homocysteine concentrations in different age and gender groups can be found in [Table 2](#T0002){ref-type="table"}. Male participants had higher homocysteine level than that of females. No significant differences of homocysteine level and prevalence of hyperhomocysteinemia were found among different age groups of males. However, this was not the case in female participants. Age 55--60 group had lower level than other age groups in terms of homocysteine concentration and prevalence of hyperhomocysteinemia.Table 1Characteristics of the Participants by Different Serum Homocysteine LevelsVariableTotal (n=1257)Homocysteine Level*p*-value\<15μmol/L\<30μmol/L≥30μmol/L(n=601)(n=505)(n=151)Age (years)69.2±8.167.66±7.6670.47±8.22\*70.79±8.33\*\<0.001Male550 (43.8%)203 (33.8%)253 (50.1%)\*94 (62.3%)\*\<0.001Female707 (56.2%)398 (66.2%)252 (49.9%)\*57 (37.7%)\*\<0.001Smoking386 (30.7%)141 (23.5%)170 (33.7%)\*75 (49.7%)\*\<0.001Drinking386 (30.7%)155 (25.8%)166 (32.9%)\*65 (43.0%)\*\<0.001Physical activity\>1h/day572 (45.5%)284 (47.3%)225 (44.6%)63 (41.7%)0.407Dyslipidemia736 (58.6%)341 (56.7%)301 (59.6%)94 (62.3%)0.387Lipid-lowering therapy35 (4.8%)24 (7.0%)10 (3.3%)1 (1.1%)\*0.017Diabetes218 (17.3%)120 (20.0%)78 (15.4%)20 (13.2%)0.052Hypoglycemic therapy107 (8.5%)71 (11.8%)30 (5.9%)\*6 (4.0%)\*0.003Hypertension762 (60.6%)357 (59.4%)314 (62.2%)91 (60.3%)0.639Antihypertensive therapy345 (45.3%)179 (50.1%)124 (39.5%)42 (46.2%)0.151Pulse pressure (mmHg)62.2±17.260.7±16.863.9±17.5\*62.5±17.20.009Homocysteine (µmol/l)16.3(12.9--21.5)12.8(10.8--14.5)19.3(17.7--22.6)\*43.5(36.1--63.1)\*\<0.001tCholesterol (mmol/L)5.89±1.155.93±1.155.83±1.155.93±1.130.317Triglyceride (mmol/L)1.31(0.97--1.88)1.33(0.98--1.89)1.30(0.96--1.91)1.25(0.95--1.81)0.889HDL-C (mmol/L)1.23±0.271.24±0.271.21±0.281.22±0.280.090LDL-C (mmol/L)2.96±0.753.01±0.752.91±0.732.92±0.770.096Glucose (mmol/L)5.72±1.665.84±1.715.62±1.585.58±1.730.057hsCRP (mg/L)0.03 (0.01--0.17)0.02(0.01--0.08)0.03(0.01--0.21)0.04(0.01--0.16)\*0.004eGFR58.80±15.3752.32±17.5256.05±12.25\*53.97±12.13\*\<0.001BMI (kg/m^2^)24.07±3.9124.23±3.7823.96±4.0723.82±3.920.383[^1][^2] Table 2Homocysteine Levels in Different Gender and Age GroupsHomocysteine (μmol/L)HyperhomocysteinemianMedian with IQR*p-*valuen (%)*p-*value**Gender**125716.34 (12.92--21.47)760 (60.46) Male55018.00 (14.55--24.75)\*\<0.001392 (71.27)\*\<0.001 Female70715.27 (12.02--19.34)368 (52.05)**Age (total)**1257 55\~18515.14 (12.18--19.40)\#\<0.00194 (50.81)\#\<0.001 60\~22914.96 (11.55--19.58)114 (49.78) 65\~22515.91 (12.01--20.08)129 (57.33) 70\~25316.76 (13.44--21.11)158 (62.45) 75\~24117.99 (14.35--22.72)174 (72.20) ≥8012418.82 (14.83--25.83)91 (73.39)**Age (male)**550 55\~8017.27 (13.49--22.85)0.38153 (66.25)0.338 60\~9216.60 (13.81--28.75)61 (66.30) 65\~9016.77 (14.16--20.05)61 (67.78) 70\~11818.09 (14.76--24.00)86 (72.88) 75\~10918.54 (15.22--24.94)85 (77.98) ≥806119.90 (15.28--27.74)46 (75.41)**Age (female)**707 55\~10513.65 (10.93--16.40)^\#^\<0.00141 (39.05)^\#^\<0.001 60\~13713.76 (10.88--17.97)53 (38.69) 65\~13515.16 (11.07--18.48)68 (50.37) 70\~13515.57 (12.24--19.78)72 (53.33) 75\~13217.22 (13.77--21.62)89 (67.42) ≥806318.24 (13.84--24.74)45 (71.43)[^3]

Homocysteine Levels and CVD Events, and Death {#S0003-S2002}
---------------------------------------------

Over the 6081.8 person years and a median of 4.84 (±1.48) years' follow-up, 155 deaths occurred, and 266 adverse outcomes were identified, including 173 CVD events (62 CVD death) and 93 non-CVD deaths. The follow-up rate was 87.5%, losing contact with 156 participants. Of the 173 CVD events, 58 (33.5%) participants had coronary events, 113 (65.3%) participants had stroke events and 2 (1.2%) participants had peripheral vascular events. The detailed outcomes of the 1257 participants stratified by homocysteine levels were presented in [Figure 1](#F0001){ref-type="fig"}.Figure 1Outcome events of 1257 participants.

[Table 3](#T0003){ref-type="table"} shows the crude and adjusted hazard ratios (HRs) with 95% CI of different homocysteine levels on the risks of CVD events, CVD death and all-cause death in all participants. After adjusting for all confounding variables, the risk of CVD events and all-cause death of intermediate-to-severe hyperhomocysteinemia (≥30μmol/L) group was significantly higher than those of normal homocysteine levels (\<15μmol/L). The HR of CVD event and all-cause death were 1.68 (1.06--2.67) and 2.02 (1.26--3.24), respectively. Additionally, every 5 μmol/L increment in homocysteine concentration was shown to be associated with 4% and 5% higher risk of CVD events (HR 1.04, 95% CI 1.01--1.07) and all-cause death (HR 1.05, 95% CI 1.01--1.07), respectively. The results for CVD death were however borderline significant. The HRs and every 5 μmol/L increment in homocysteine concentration were 1.97 (95% CI 0.95--4.29) and 1.04 (95% CI 0.99--1.09) for intermediate-to-severe hyperhomocysteinemia group, respectively. No significant association was observed between normal homocysteine level and moderate hyperhomocysteinemia regarding the risk of CVD event, CVD death, all-cause death.Table 3The Relationship Between Homocysteine Level and CVD Events and DeathHomocysteine LevelHR/5μmol/L tHcy\<15μmol/L (n=601)\<30μmol/L (n=505)≥30μmol/L (n=151)*p* trend\***CVD event (total)** Case676932 Person-year3210.42549.9778.4 Crude1.001.34 (0.96--1.87)2.18 (1.43--3.32)\<0.0011.06 (1.03--1.09) Model 11.001.18 (0.84--1.67)1.93 (1.25--2.96)0.0061.05 (1.02--1.08) Model 21.001.12 (0.78--1.61)1.68 (1.06--2.67)0.0441.04 (1.01--1.07)**CVD event (male)** Case203819 Person-year1025.31172.4415.0 Crude1.001.69 (1.01--2.90)2.42 (1.29--4.54)0.0051.04 (1.01--1.08) Model 11.001.62 (0.94--2.79)2.38 (2.27--4.45)0.0061.05 (1.27--4.45) Model 21.001.65 (0.91--3.00)2.07 (1.01--4.26)0.0461.05 (1.01--1.08)**CVD event (female)** Case473113 Person-year2012.21189.4267.1 Crude1.001.13 (0.72--1.77)2.12 (1.14--3.91)0.0471.02 (0.96--1.08) Model 11.000.93 (0.58--1.47)1.62 (0.87--3.04)0.3341.00 (0.93--1.07) Model 21.000.92 (0.56--1.49)1.59 (0.83--3.04)0.3650.99 (0.92--1.06)**CVD death (total)** Case202814 Person-year3150.62467.4734.8 Crude1.001.81 (1.01--3.20)3.04 (1.54--6.02)0.0011.06 (1.01--1.10) Model 11.001.30 (0.73--2.34)2.21 (1.10--4.42)0.0331.05 (1.00--1.40) Model 21.001.41 (0.75--2.66)1.97 (0.95--4.29)0.0651.04 (0.99--1.09)**CVD death (male)** Case6159 Person-year1061.81222.2443.5 Crude1.002.19 (0.85--5.66)3.64 (1.30--10.23)0.0121.06 (1.01--1.11) Model 11.001.90 (0.74--4.91)3.51 (1.25--9.86)0.0161.06 (1.01--1.12) Model 21.002.11 (0.69--6.42)2.83 (0.78--10.21)0.1171.05 (0.99--1.12)**CVD death (female)** Case14135 Person-year2088.81245.2291.3 Crude1.001.57 (0.74--3.34)2.57 (0.93--7.13)0.0591.03 (0.93--1.13) Model 11.000.99 (0.46--2.13)1.34 (0.47--3.84)0.6810.98 (0.87--1.12) Model 21.001.09 (0.46--2.58)1.29 (0.41--4.09)0.6710.98 (0.87--1.11)**All-cause death (total)** Case546536 Person-year3150.62467.4734.8 Crude1.001.56 (1.09--2.23)2.91 (1.91--4.44)\<0.0011.07 (1.03--1.09) Model 11.001.10 (0.76--1.59)2.08 (1.36--3.19)0.0031.06 (1.02--1.08) Model 21.001.17 (0.79--1.73)2.02 (1.26--3.24)0.0071.05 (1.01--1.07)**All-cause death (male)** Case203626 Person-year1061.81222.2443.5 Crude1.001.59 (0.92--2.75)3.20 (1.78--5.72)\<0.0011.07 (1.03--1.09) Model 11.001.38 (0.80--2.39)3.11 (1.73--5.57)\<0.0011.06 (1.03--1.09) Model 21.001.47 (0.80--2.68)3.08 (1.56--6.07)0.0011.06 (1.02--1.09)**All-cause death (female)** Case342910 Person-year2088.81245.2291.3 Crude1.001.44 (0.88--2.37)2.12 (1.05--4.28)0.0251.03 (0.97--1.10) Model 11.000.87 (0.53--1.47)1.07 (0.52--2.22)0.9540.98 (0.90--1.07) Model 21.000.90 (0.41--1.98)0.90 (0.52--1.58)0.7410.97 (0.89--1.06)[^4]

Homocysteine Levels and Poor Outcomes in Different Gender Groups {#S0003-S2003}
----------------------------------------------------------------

[Table 3](#T0003){ref-type="table"} demonstrates the relationship between different homocysteine levels and the risks of adverse outcomes by gender. Under Model 2 (adjusting all confounding effects), intermediate-to-severe hyperhomocysteinemia increased the risks of CVD event (HR 2.07, 95% CI 1.01--4.26) and all-cause death (HR 3.08, 95% CI 1.56--6.07) in males, while it was opposite for the females (HR 1.59, 95% CI 0.83--3.04 for CVD event and HR 0.90, 95% CI 0.52--6.07 for all-cause death). In addition, similar results were observed when homocysteine was analyzed as a continuous variable. The dose-response analysis showed that an increment of 5 μmol/L homocysteine could increase the risk of CVD event and the risk of all-cause death in males by 5% (HR 1.05, 95% CI 1.01--1.08) and 6% (HR 1.06, 95% CI 1.02--1.09), respectively.

ROC Analysis {#S0003-S2004}
------------

To obtain the optimal cutoff point and predict the risk of CVD events, receiver operating characteristic (ROC) curves were constructed ([Figure 2](#F0002){ref-type="fig"}). In the fully adjusted Model 2, the areas under the curve (AUC) of the ROC curve were shown in [Table 4](#T0004){ref-type="table"}. The optimal cutoff points with highest Youden's index (specificity + sensitivity-1) were 13.20µmol/L, 15.08µmol/L, and 12.91µmol/L for CVD events, stroke, and coronary heart disease, respectively.Table 4The Area Under the Curve of ROC CurveConventional Risk Factors Without HcyConventional Risk Factors With Hcy[Figure 2-A](#F0002){ref-type="fig"}0.632 (0.559--0.695)0.649 (0.610--0.696)[Figure 2-B](#F0002){ref-type="fig"}0.733 (0.668--0.805)0.739 (0.669--0.808)[Figure 2-C](#F0002){ref-type="fig"}0.684 (0.648--0.742)0.699 (0.652--0.746)[^5] Figure 2Receiver-operating characteristic curves for (**A**) CVD events, (**B**) CVD death, and (**C**) all-cause death during 4.84-year follow-up. For each endpoint, curves are based on prediction models adjusted for conventional risk factors (sex, age, smoking, alcohol drinking, glucose, hs-CRP, dyslipidemia, eGFR, pulse pressure, hypoglycemic therapy, lipid-lowering therapy and antihypertensive therapy) with or without homocysteine (Hcy).

Discussion {#S0004}
==========

In this study, strong associations were observed between homocysteine level and CVD events or all-cause mortality in elder Chinese without history of ischemia or congestive heart failure (CHF). This relationship persisted after adjusting for some conventional risk factors. People with a high homocysteine level had a higher total and cardiovascular mortality. Our data provided solid evidence that elevated homocysteine level was an independent risk factor of all-cause mortality in Chinese residents.

This study was an extension of BLSA initiated in 1992, which aimed to define hyperhomocysteinemia for the use of homocysteine screening targeting more effective prediction and primary prevention. Considering no general agreement on the optimal value of homocysteine that confers pertinent outcomes, refer to the statement by the American Heart Association,[@CIT0013] a serum homocysteine level of 15μmol/L was predetermined as a cutoff point for screening. Serum homocysteine less than 15μmol/L should be corresponded to the 90th percentile of the distribution of normal homocysteine level.

Previous studies have shown that homocysteine level was a moderately sensitive and specific index to predict the prognosis with an optimal cutoff value at 19.95 μmol/L with sensitivity of 58.2% and specificity of 80.3%.[@CIT0025] Another study suggested the homocysteine concentration 11.11μmol/L as the optimal cutoff point due to better specificity and sensitivity for predicting all-cause death.[@CIT0026] In this study, after adjusting for sex, age, smoking, alcohol drinking, glucose, hs-CRP, dyslipidemia, eGFR, pulse pressure, hypoglycemic therapy, lipid-lowering therapy, and antihypertensive therapy, the fully adjusted model suggested the optimal cutoff points with the highest Youden's index were 13.20 µmol/L, 15.08µmol/L, and 12.91µmol/L for CVD events, stroke, and coronary heart disease, respectively. These optimal cutoff points were close to the predetermined cutoff point values of this study. Hence, we think that the predetermined cutoff point is reasonable.

Generally, the optimal cutoff point of homocysteine level should be determined by the maximum value of Youden's index. However, this data-oriented selection of optimal cutoff point is prone to biases caused by study population, sample size, the accuracy of measurements, etc. Chances are system errors may lead to either overestimation or underestimation of the sensitivity and specificity. Hence, it is necessary to use caution when the results are applied for clinical prediction and primary prevention.

During the 6081.8 person years follow-up for 1257 participants with a median of 4.84±1.48 years, 173 CVD events were identified. 12.3% of the participants died and 40.0% of these deaths were due to CVD. Participants with intermediate-to-severe homocysteine level were at higher risk of death from all cause-death and CVD death than normal homocysteine group. Although it is still debatable whether homocysteine is a causal factor or a marker of CVD and mortality, evidence from previous studies had confirmed our findings that serum total homocysteine concentrations are predictive of CVD and/or mortality.[@CIT0012],[@CIT0027] All-cause mortality was also proven to be strongly associated with the level of plasma homocysteine. The cutoff point of homocysteine concentration and HR were determined to be 11.84 mmol/L and 2.4 (95% CI,1.76--3.32), respectively.[@CIT0013]

The difference between reported values may be statistically significant. However, when these values were compared, one should use caution and carefully study the characteristics of participants, which may lead to different cutoff point and HR values. Given the features of the study participants, such as more severe chronic kidney disease, older age, or vitamin B~12~ deficiency, the HR of those participants would be greater.[@CIT0027],[@CIT0028] In the present study, the participants consisted of regular residents living in Beijing, aged 55 or above and without history of ischemia or congestive heart failure (CHF). They could be healthier than those patients with CHF. Hence, the HR value of the regular residents was lower than that of the patients with CHF.[@CIT0029]

Other than age and gender, in this study, we tested hypertension, diabetes, smoking, drinking and other conventional risk factors as possible confounding factors of hyperhomocysteinemia. We found that elevated homocysteine level increased the risks of CVD events and all-cause death in males, but not in females. In addition, males or elders were likely to have higher homocysteine levels than females or younger participants. This finding was in accordance with a prospective study, which showed that intermediate-to-severe hyperhomocysteinemia increased the risk of ischemic stroke in the males (HR: 6.11, 95% CI 3.44--10.85) but not in the females (HR: 1.84, 95% CI 0.52--6.64).[@CIT0008] A supportive mechanism study revealed that hyperhomocysteinemia was associated with carotid resistive index, a surrogate marker of cerebral vascular resistance, especially in elderly men.[@CIT0030] On the contrary, the Amsterdam study showed that elevated homocysteine was associated with an increased risk of all-cause death in females (HR: 2.97, 95% CI 1.36--6.49), but not in males (HR: 0.66, 95% CI 0.22--1.98).[@CIT0031] Therefore, we suggest that age and gender may be effecting modifiers and the adverse outcomes of hyperhomocysteine on males or females need further study. It is well known that homocysteine is an intermediate metabolite of methionine with three metabolic pathways.[@CIT0032] They are 1) catalyzed by cystathionine beta synthetase to cysteine, 2) methylated by betaine homocysteine methyltransferase to methionine, and 3) catalyzed by methionine synthase into methionine. Thus, the homocysteine level varies depending on age, diet (eg, folic acid deficiency), and genetic background (eg, gene mutation of enzymes of homocysteine metabolic pathways).[@CIT0033] Hence, in future studies, a better understanding of human's metabolism of homocysteine as well as the pathogenic pathways in protein, DNA, and RNA level should lead to new strategies for more targeted prevention and gene therapy.

The limitations of this study revolve around the following aspects. Although we have followed 1257 participants for a total of 6081.8 person-years, due to the withdrawal of some participants at baseline investigation, the sample size of this study was smaller than the original research design. Chances are the representativeness of the sample could be weaker and the potential bias of the results may be greater than they were expected. Serum homocysteine level may be influenced by age, diet, genetic background, and/or the use of medications. A single test of serum homocysteine cannot provide enough information for us to establish causal relationship between homocysteine and CVD. In addition, the participants were limited to the residents in Beijing. Hence, the results of this study should be extrapolated cautiously to other population or ethnic groups.

Conclusion {#S0005}
==========

Intermediate-to-severe hyperhomocysteinemia was significantly associated with CVD events and all-cause death in elderly Chinese population free of CVD history. The positive association was pronounced among males.
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=============

CVD, cardiovascular diseases; CHF, congestive heart failure; HR, hazard ratio; CI, confidence interval; IQR, inter-quartile range; hs-CRP, high-sensitivity C-reactive protein.

Disclosure {#S0007}
==========

The authors report no conflicts of interest in this work.

[^1]: **Notes:** Data are shown as mean±SD, median with IQR, or absolute number (percentage). \*Compared with normal homocysteine level (\<15μmol/L) statistically significant.

[^2]: **Abbreviations:** tCholesterol, total cholesterol; HDL-C, high-density lipoprotein cholesterol-C; LDL-C, low-density lipoprotein cholesterol-C; hsCRP, high-sensitivity C-reactive protein; eGFR, estimated glomerular filtration rate (mL/min per 1.73m^2^); BMI, body mass index.

[^3]: **Notes:** Hyperhomocysteinemia, concentration of total homocysteine ≥15μmol/L. \*Compared with females; ^\#^compared with other age groups.

[^4]: **Notes:** \*Estimated using the category numbers (1, 2 and 3) as a continuous variable; CVD: cardiovascular disease; Crude: unadjusted; Model 1: adjusted for sex and age; Model 2: adjusted for sex, age, smoking, alcohol drinking, glucose, hsCRP, dyslipidemia, eGFR, pulse pressure, hypoglycemic therapy, lipid-lowering therapy and antihypertensive therapy.

[^5]: **Notes:** Data were shown as estimate (95% CI).

    **Abbreviation:** Hcy: homocysteine
